Introduction {#S0001}
============

*Dirofilaria immitis* or heartworm is the most important filarial parasite of dogs because it can cause some clinical signs ([@CIT0001]). This worm lives in right ventricle, pulmonary artery and posterior vena cava and its microfilariae found in the peripheral circulation ([@CIT0002]). Infection to *D. immitis* in carnivores especially dogs is worldwide and is reported from different regions of the world including Turkey ([@CIT0003]), Japan ([@CIT0004]), Brazil ([@CIT0005]), Canada ([@CIT0006]) and other countries ([@CIT0007], [@CIT0008]). *D. immitis* was first reported from a dog in Iran in 1969 ([@CIT0009]). Then infection to heartworm was reported from different areas of Iran including Ardebil ([@CIT0010]), Shiraz ([@CIT0011]), Tehran ([@CIT0012]), Tabriz ([@CIT0013]), Tonekabon ([@CIT0014]), and Mashhad ([@CIT0015]).

Areas with suitable temperature and humidity are favor for mosquito as vector host of nematode and presence of these conditions in North of Iran (coastal border of Caspian Sea) and importance of stray dogs as reserve host of the infection in its transmition to other animals and even human ([@CIT0016]) describe necessitate of this study. Therefore, we focused on rate of infection in stray dogs and determining of the periodicity of *D. immitis* microfilaria in peripheral circulation of an infected dog. Periodicity is a well-known phenomenon, which occurs with many filarioid worms, and various hypotheses put forward to explain periodicity have been comprehensively reviewed by Masuya ([@CIT0017]). Females of *D. immitis* are ovoviviparous and the naked microfilariae may be found in the blood at all times, but there appears to be a periodicity superimposed on this, which varies with geographic location. The microfilarial periodicity of *D. immitis* in the peripheral circulation can increase the rate of infection of flies as a vector of heartworm ([@CIT0018]).

Moreover, it is possible to find dogs with occult infections presenting no clinical sign, in these cases using the parasitological method cannot help for diagnosis of the parasite. Therefore, the aim of this study was using the imaging diagnostic techniques included radiographic and echocardiographic exams for diagnosis of heartworm.

Situation of area {#S20002}
-----------------

The present study was done in northern regions of Iran included three provinces (Golistan, Mazandaran and Gilan) that are in coastal boarder of the Caspian Sea with suitable temperature (15--25°C) and humidity (70--90%) for development of parasites ([@CIT0002]).

Preparation of samples {#S20003}
----------------------

A total of 431 stray dogs in different regions of above-mentioned area (110 samples Golestan, 220 samples Mazandaran, and 101 from Gilan) were trapped in two years, between 2006 and 2008. After determination of their age and sex, one ml of blood was withdrawn from branchial vein and blood samples were transferred to Parasitology Laboratory of Veterinary College, Islamic Azad University, Garmsar branch.

Diagnostic Parasitological test (Knott\'s test) {#S20004}
-----------------------------------------------

In Knott\'s method, blood samples were mixed with formaldehyde 2% and the sediments from prepared samples were searched for microfilaria and identification of them were performed using a valuable key ([@CIT0019]).

Determination of the periodicity of microfilaria {#S20005}
------------------------------------------------

For determination of the periodicity of microfilaria in peripheral blood circulation, blood samples were collected from an infected dog each hour for 72 hours. Then number of microfilaria in each ml of the blood sample was calculated and expressed as average of those in each hour.

Imaging diagnosis techniques (Electrocardiography and radiography) {#S20006}
------------------------------------------------------------------

Imaging diagnostic techniques included radiography, echocardiography and electrocardiography of four dogs that confirmed positive results with Knott\'s test. Dorso-ventral and left lateral thoracic radiographs were taken. Echocardiography and electrocardiography were performed in these dogs.

Statistical methods {#S20007}
-------------------

Analyses of all variable were computed using Chi-square test and *P*\<0.05 was expected significant.

Results {#S0008}
=======

Of 431 studied stray dogs, 16.01% were microfilaremic and two different microfilariae were diagnosed: *D. immitis* in 13.69%, and *Dipetalonema reconditum* in 1.86% and 0.46% of both of them. The species of microfilaria and their morphology detected from prepared smear and Knott\'s test after adding Geimsa stain. Frequency and percentage of the blood filariosis of stray dogs in north of Iran based on different provinces (Golestan, Mazandaran, and Gilan provinces) are seen in [Table 1](#T0001){ref-type="table"}. A total of 325 (75.41%) male dogs and 106 (24.59%) females were included and relationship between infection to filariae and sex of dogs was not significantly. There was no statistically significant difference between infection and age of dogs, [Table 2](#T0002){ref-type="table"}. Study on the periodicity of microfilaria in the peripheral blood circulation showed that maximum and minimum numbers of those were seen at 1 a.m. (13316±57 microfilaria) and 12 p.m. (6681±23 microfilaria) respectively ([Fig. 1](#F0001){ref-type="fig"}).

![Periodicity of the presence of microfilaria of *Dirofilaria immitis* in the blood of an infected dog](IJP-6-073-g001){#F0001}

###### 

Frequency and percentage of the blood filariasis of stray dogs in north of Iran based on province

  Province     *D. immitis*   *Dip. reconditum*   Mixed infected   non-infected   Total                              
  ------------ -------------- ------------------- ---------------- -------------- ------- ------ ----- ------- ----- -------
  Golestan     17             3.94                5                1.16           0       0      88    20.42   110   25.52
  Mazandaran   23             5.37                1                0.23           1       0.23   195   45.24   220   51.04
  Gilan        19             4.41                2                0.46           1       0.23   79    18.33   101   23.43
  Total        59             13.69               8                1.86           2       0.46   362   83.99   431   100

###### 

Frequency and percentage of the blood filariosis of stray dogs in north of Iran based on age

  Age           *D. immitis*   *Dip. reconditum*   Mixed infected   non-infected   Total                             
  ------------- -------------- ------------------- ---------------- -------------- ------- ----- ----- ------- ----- -------
  \<one year    0              0                   0                0              0       0     19    5.25    19    4.41
  1--5 year     26             44.07               5                62.5           0       0     201   55.53   232   53.83
  6--10 years   27             45.76               3                37.5           2       100   123   33.97   155   35.96
  \>10 years    6              10.17               0                0              0       0     19    5.25    25    5.80
  Total         59             100                 8                100            2       100   362   100     431   100

In the radiographic study, all the four selected dogs presented at least one of the following distinctive radiographic signs with varied degrees of severity ([Table 3](#T0003){ref-type="table"}); *i*) Right heart enlargement included increased sternal contact on the lateral view and inverted *D* shaped on the dorsoventral or ventrodorsal view; *ii*) Tortuous and enlargement of lobar pulmonary artery; *iii*) Enlargement of main pulmonary artery; *iv*) Large and blunted peripheral pulmonary artery; *v*) Pulmonary paranchymal lesions (bronchial, interstitial, vascular and alveolar pattern). Radiographic images of an infected dog that analyzed in the study are shown in [Fig. 2](#F0002){ref-type="fig"}.

![Thoracic radiographs: (A) Left Lateral view showed cardiac enlargement, tortuous and enlargement of lobar pulmonary artery (arrow), increased sternal contact on the lateral view. (B) Dorso-ventral view showed bulging of pulmonary artery that it was a prominent finding at 12--2 o\'clock of heart shadow (arrow)](IJP-6-073-g002){#F0002}

###### 

Radiographic findings in four dogs infected to *Dirofilaria immitis*

  **Radiographic finding**                                                      **No. 1**                                       **No. 2**                                                                 **No. 3**   **No. 4**   
  ----------------------------------------------------------------------------- ----------------------------------------------- ------------------------------------------------------------------------- ----------- ----------- ---
  Right heart enlargement                                                       Increased sternal contact on the lateral view   □                                                                         \+          □           □
                                                                                                                                                                                                                                  
  Inverted *D shaped* on the dorsoventral or ventrodorsal view                  □                                               \+                                                                        □           \+          
                                                                                                                                                                                                                                  
  Enlargement of main pulmonary artery                                          □                                               \+                                                                        □           □           
  Large and blunted peripheral pulmonary artery                                 □                                               \+                                                                        □           \+          
  Alveolar pattern                                                              \+                                              \+                                                                        □           □           
  Interstitial pattern                                                          \+                                              \+                                                                        \+          □           
  Bronchial pattern                                                             □                                               □                                                                                     □           
  Vascular Pattern                                                              \+                                              \+                                                                        \+          □           
  Tortuous and enlargement of lobar pulmonary artery                            □                                               \+                                                                        □           □           
  Non vascular linear marking and nodular opacities due to pulmonary fibrosis   \+                                              \+                                                                        □           □           
  Hepatomegaly                                                                  □                                               □                                                                         □           □           
  Ascitis                                                                       □                                               □                                                                         □           □           
  Comment                                                                       □                                               Bulging of PA was a prominent finding at 12--2 o\'clock of heart shadow   □           □           

In electrocardiography, right ventricular enlargement is present (Deep Q waves in leads II, III and avf). In addition, in the echocardiographic study, short parallel-sided images with the appearance of equal signs were observed that confirmed the presence of the heartworm.

Discussion {#S0009}
==========

Canine dirofilariasis is a disease of worldwide distribution. However, endemic areas are those with temperate, tropical, and subtropical climatic conditions ([@CIT0020]). In general, the coastal areas in North of Iran presented a higher prevalence of heartworm infection (16.0%) than most other area in Iran ([@CIT0011], [@CIT0013]--[@CIT0015], [@CIT0021]). These areas have favorable climatic conditions with high moisture, several species of mosquitoes, and a large number of stray dogs that do not receive antiparasitic drugs and wild carnivores as reserve host of heartworm. Meanwhile, the prevalence of *Dip. recunditum* was 1.86% and that was similar to previous findings ([@CIT0013], [@CIT0014]).

The prevalence of microfilaria (especially *D. immitis*) in dogs can largely vary in different regions of the world. For instance, prevalence in Argentina, Taiwan, Korea and Brazil is reported as 5.1% ([@CIT0008]), 25.0% ([@CIT0022]), 40.0% ([@CIT0023]) and 5.4% ([@CIT0005]), respectively. This variation can be due to certain epidemiological factors, such as distribution of the vector, animal living situation, and average age of the study population. In Mexico, national prevalence of infection was reported 7.3%, showing that in coastal areas the prevalence is higher (19.6%) ([@CIT0024]). There was no statistically significant difference between males and females dogs and this is similar to another findings ([@CIT0005]). In addition, there was no significant difference among infected dogs and their ages. Similar findings were reported previously ([@CIT0005], [@CIT0012]--[@CIT0014]).

Study on the periodicity of microfilaria in peripheral blood circulation showed a nightly increase in number of circulating microfilaria (nightly periodicity) and these results are similar to other findings ([@CIT0012]). So, periodicity of presence of microfilaria of *D. immitis* was shown in different regions of world ([@CIT0025]). Nevertheless, there is deference between maximum and minimum of presence of microfilaria in blood circulation in duration of day between northern and southern hemisphere. in southern hemisphere, in contrary to northern hemisphere, the maximum presence of microfilaria in blood circulation in 11 am and the minimum of them was in 10 p.m. (daily periodicity) ([@CIT0026]).

Knott\'s test should be performed to confirm microfilaremia and not for diagnosis of heartworm infection. So, four infected dogs were analyzed with diagnostic imaging techniques for using them to support parasitological exams. Severity and duration of parasite infestation in these dogs were unknown since the infestation was spontaneous. Therefore, dogs without radiographic abnormalities may have had minor infestations or heartworms may not have been present sufficiently long for the development of radiographic change ([@CIT0027]). One of the important diagnostic features in canine heartworm disease is the presence of radiographic changes, which occur primarily in the right side of the heart and its associated vessels ([@CIT0005], [@CIT0008], [@CIT0019], [@CIT0028]).Typical (near pathogonomic) signs of heartworm vascular disease are enlarged, tortuous and often truncated peripheral intralobar and interlobar branches of the pulmonary arteries, particularly in the diaphragmatic lobes. These findings are accompanied by variable degrees of pulmonary parenchymal disease and in the worst cases; the right heart enlarges. Pulmonary parenchymal changes in dirofilariosis were more severe around the branches of the pulmonary arteries and together with the arterial change, produced a radiographic picture that was characteristic of heartworm disease. These parenchymal changes were classified into alveolar, interstitial, bronchovascular and mixed pattern ([@CIT0029]). The alveolar and mixed patterns produced dense radiopacities but the interstitial patter was less dense and remained in spite of treatment otherwise of two other types. Evaluation of pathologic changes in radiographs, particularly surrounding the main pulmonary artery and its branches, can lead to a diagnosis of dirofilariosis, also aid in assessment of the severity of the disease and assist in planning a treatment program. Therefore, dirofilariosis caused right sided heart failure, if congestive heart failure occurred; the radiographic appearance was more complex. Interstitial edema occurred first and produced an interstitial pattern. An alveolar and mixed pattern appeared ([@CIT0028]). These parenchymal changes can produce by live or dead worms, their microfilaria, and perhaps an immunologic response.

Electrocardiographic (ECG) changes in heartworm disease have been reported. In general, ECG criteria for right ventricular hypertrophy (RVH) are seen in dogs with chronic or more severe heartworm disease ([@CIT0030]). The right ventricle of dogs with heartworm disease appears to dilate prior to hypertrophy, the ECG is not sensitive to right ventricular dilatation ([@CIT0031]), and the degree of right ventricular enlargement is variable depending on the stage of the disease.

In echocardiographic study, the body wall of adult heartworm is highly echogenic and produces distinctive, short parallel-sided images with the appearance of equal signs were the imaging plane cuts across loops of the parasite. However, it is not an efficient method of making this diagnosis, particularly in lightly infected dogs, since the worms often are limited to the peripheral branches of the pulmonary arteries beyond the echographic field of view. However, when heartworms are numerous, they are more likely to be present in the main pulmonary artery or within right side of heart where they can be imaged easily ([@CIT0029]).

In conclusion, these findings showed that using the imaging tests can support parasitological methods to obtain a reliable diagnosis of heartworm infection.
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